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Growth of Donor-derived Dendritic Cells from the Bone Marrow of Murine 
Liver Allograft Recipients in Response to Granulocyte-Macrophage 
Colony -stimulating Factor 
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Language: ENGLISH 

Print Number: Biological Abstracts Vol. 100 Iss. 006 Ref. 085007 
Allografts of the liver, which has a comparatively heavy leukocyte 
content compared with other vascularized organs, are accepted permanently 
across major histocompatibility complex barriers in many murine strain 
combinations without immunosuppressive therapy. It has been postulated that 
this inherent tolerogenicity of the liver may be a consequence of the 
migration and perpetuation within host lymphoid tissues of potentially 
tolerogenic donor-derived ("chimeric**) leukocytes, in particular, the 
precursors of chimeric dendritic cells (DC). I n this study, we have used 
granulocyte/macrophage colonv-stimulating factor to induce the propagati on 
of progenitors that give rise to DC (CD45+, CDllc+, 33D1+, nonlymphold 
dendritic cell 145 + , major histocompatibility complex class II + , 87-1-5-) in 
li cLuid c ul •t-^'T"g>o rif ly^^^^^jrsQ — Kort^a mt:sr-f^r^yf ^^a^^<s Uslng thls technlque, togethe^r" 
v/ith immunocytochemical and molecular methods, we show that, in addition to 
cells expressing female host (C3H) phenotype (H-2K-k-»-; Y 
chromosome-), a minor population of male donor ( B10 ) -derived cells 
(H-2K-b+; I-A+; Y chromosome* ) can also be grown in 10-d DC cultures from 
the bone marrow of liver allograft recipients 14 d after transplant* Highly 
purified nonlymphoid dendritic cell 145+ DC sorted from these bone 
marrow-derived cell cultures were shown to comprise apprx 1-10% cells of 
donor origin (Y chromosome* ) by polymerase chain reaction analysis* In 
addition, sorted DC stimulated naive, recipient strain T lymphocytes in 
primary mixed leukocyte cultures. Evidence was also obtained for the growth 
of donor-derived cells from the spleen but not the thymus. In contrast, 
donor cells could not be propagated from the bone marrow or other lymphoid 
tissues of nonimmunosuppressed C3H mice rejecting cardiac allografts from 
the same donor strain (B10). These findings provide a basis for the 
establishment and perpetuation of cell chimerism after organ 
transplantation. 
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Isolation of a Small Monocyte Subset With High Accessory Function: A 
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Ultrastructural and immunophenotypic differentiation of dendritic cells 
from mouse bone marrow cultures supplemented with granulocyte-macrophage 
colony-stimulating factor ( GM~CSF > 

Umezu H; Naito M; Takashashi K I A 
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The present study examined electron microscopical, immunohistochemical 
and morphometric changes in the development , differentiation, and 
matur ation of dendritic cell s in the culture o± mouse^~Borre~rnafTlDir~cer^ 
sTTppl. ¥mented with granulocyt e /macrophag e cblon y"^stimula txng " Tact75r 
X-Str=xrSF > . a large number of large dendritic cells were released from ~trhe 
a ^yi e y a Lg fei of small round cells. These released cells showed morphological, 
immunophenotypic, and functional characteristics of typical dendritic 
cells. These dendritic cells possessed irregularly-shaped nuclei in 
abundant cytoplasm with rough endoplasmic reticulum (rER), vesicles, 
multivesicular bodies, and tubulovesicular system, and projected long 
dendritic cytoplasmic processes. The tubulovesicular system and dendritic 
surface projections were characteristic of interdigitating cells usually 
residing in the paracortical area of lymph nodes. Small cells in aggregates 
were round in shape, had oval nuclei in narrow cytoplasm with poorly 
developed intracellular organelles, and projected a few short processes. 
These cells were a proliferating population distinct from monocytes in both 
ultrastructure and immunophenotype. Morphometrical analysis of cultured 
cells provided evidence that the small cells differentiate into typical 
dendritic cells via intermediate cells. These results imply that dendritic 
cells differentiate from small round dendritic precursor cells and that 
GM-CSF is a major cytokine capable of inducing the development, 
differentiation, and proliferation of dendritic cells. 
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CYTOKINE GENE EXPRESSIONS^ MURINE EPIDERMAL CELL SLj^ENSIONS INTERLEUKIN 
1-BETA AND MACROPHAGE INFlIRaTORY PROTEIN 1-ALPHA ARE^ELECTI VELY 
EXPRESSED IN LANGERHANS CELLS BUT ARE DIFFERENTIALLY REGULATED IN CULTURE 

HEUFLER C; TOPAR G; KOCH F; TROCKENBACHER B; KAMPGEN E; ROMANI M; SCHULER 
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Full Journal Title: Journal of Experimental Medicine 
Language: ENGLISH 

Epidermal Langerhans cells (LC) are considered direct yet imTnature 
precursors of dendritic cells (DC) in the draining lymph nodes. Although 
the development of LC into potent immunostimulatory DC occurs in vitro and 
has been studied in detail, little is known about their profile of cytokine 
gene expression. By using reverse transcriptase polymerase chain reaction 
analysis to screen 16 cytokines followed by Northern blotting for selected 
analysis, we determined the cytokine gene expression profile of murine LC 
at different time points in culture when T cell stimulatory activity is 
increasing profoundly. LC regularly expressed macrophage inflammatory 
proteins, MIP-1. alpha. and MIP-2, and interleukin 1. beta. < IL-1. beta. ) * 
Both MIPs were downregulated upon culture and maturation into DC, whereas 
IL-l*beta. was strongly upregulated in culture. MIP-1. alpha, and IL-1. beta. 
mRNA were found only in LC, but not in other epidermal cells. Apart from 
trace amounts of IL-6 in cultured LC, several macrophage and T cell 
products were not detected. The cytokine expression profile of LC thus 
appears distinct from typical macrophages. The exact role of the cytokine 
genes we found transcribed in LC remains to be determined. 
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Full Journal Title: Journal of Experimental Medicine 
Language: ENGLISH 

While it has been know that dendritic cells arise from proliferating 
precursors in situ, it has been difficult to identify progenitors in 
culture. We find that aggregates of growing dendritic cells develop in 
cultures of mouse blood that are supplemented with granulocyte/macrophage 
colony-stimulating factor <GM-CSF) but not other CSFs. The dendi-^itic cell 
precursor derives from the la-negative and nonadherent fraction. The 
aggregates of developing dendritic cells appear at about 1 wk of culture, 
with 100 ' or more such clusters being formed per 106 blood leukocytes. The 
aggregates can be dislodged and subcultured as expanding clusters that are 
covered with cells having the motile sheet-like processes ("veils") of 
dendritic cells. By about 2 wk, large numbers of single, major 
histocompatibility complex (MHO class Il-rich dendritic cells begin to be 
relased into the medium. Combined immunoperoxidase and C 3H 3 thymidine 
autoradiography show that the cells that pi-olif erate within the aggregate 
lack certain antigenic markers that are found on mature dendritic cells. 
However, in pulse-chase protocols, the C3H3thymidine-labeled progeny 
exhibit many typical dendritic cell features, including abundant MHC class 
II and a cytoplasmic granular antigen identified by monoclonal antibody 
2A1* The progeny dendritic cells are potent stimulators of the mixed 
leukocyte reaction and can home to the T-dependent areas of lymph node 
after injection into the footpads. We conlcude that mouse blood contains 
GM-CSF-dependent, proliferating progenitors that give rrise to large 
iiUTiibers of dendritic cells with characteristic morphology, mobility. 
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BONE MARROW-DERIVED PRECURSORS INTO DENDRITIC EPIDERMAL T CELLS DETC OF THE 
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CULTURED HUMAN LANGERHANS CELLS RESEMBLE LYMPHOID DENDRITIC CELLS IN 
PHENOTYPE AND FUNCTION 
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Freshly isolated murine epidermal Langerhane cells (LC) are weak 
stimulators of resting T cells. Upon culture their phenotype changes, their 
stimulatory activity increases significantly, and they come to resemble 
lymphoid dendritic cells. Resident murine LC, therefore, might represent a 
reservoir of immature dendritic cells. We have nov/ used enzyme 
cytochemistry, a panel of some 80 monoclonal antibodies, and 
immunofluorescence microscopy or two-color flow cytometry, as well as 
transmission electron microscopy, to analyse the phenotype and morphology 
of human LC before and after 2-4 d of bulk epidermal cell culture. In 
addition, LC were enriched from bulk epidermal cell cultures, and their 
stimulatory capacity was tested in the allogeneic mixed leukocyte reaction 
and the oxidative mitogc^^>sis assay. Cultured huir^|| LC resembled human 
lymphoid dendritic cellBr in morphology, phencW^pe, and function. 
Spfc-cif ically , LC became non-adherent upon culture and developed sheet-like 



activity^ and lost nonspecific esterase activity* As in the mouse, surface 
e^pre^nision of MHC class I II antigens increased significantly, and Fell 

leceptors if/ere signif icanBly reduced* Markers thaw^ are ejtpressed by 
dendritic cells (like CD40) appeared on LC following culture. Cultured 
human LC were potent T-cell stimulators* Our findings support the view that 
resident human LC, like murine LC, represent immature precursors of 
lymphoid dendritic cells in skin-draining lymph nodes* 
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A comparison of murine epidermal Langerhans cells with spleen dendritic 
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To establish if epidermal Langerhans cells (LC) are related to spleen 
dendritic cells, we have considered the morphology, phenotype, and function 
of the 2 cell types in culture. Cultured LC could be partially enriched (up 
to 50%) on the basis of 2 simple physical properties: nonadherence to 
plastic, and low buoyant density in dense albumin columns. The morphology 
of cultured LC and spleen dendritic cells were similar. In particular both 
cell types had many cell processes and/or veils, and cultured LC lost their 
distinguishing Birbeck granules. Freshly isolated LC exhibited nonspecific 
esterase and ATPase, as well as the F4/8© ( alpha-macrophage ) and 2. 4G2 
(alpha-Fc receptor) antigens. However all these traits were lost in 
culture, while la and Mac-1 antigens persisted. As a result, the 
cytochemical and antigenic phenotype of LC became eimilai*- to spleen 
dendritic cells* The one exception was that LC lacked the 33D1 dendritic 



cells in that fresh LC were weak etimulatorB of T cell proliferation in the 
TniKed leukocyte reaction and in sodium periodate-induced TnitogeneBis. 
However, stimulatory activity per cell increased at least 30 fold in 
culture so that by 2-3 days, LC were 3-10 tiiyies more potent than dendritic 
cells* Maturation of LC function was radioresistant and was accompanied by 
a small increase in cell surface la antigens* Although LC have been likened 
both to lymphoid dendritic cells and to macrophages, our data suggest a 
different conclusion* LC seem to be dendritic cell precursors and are 
imYimnologically immature. Possibly, lymphoid dendritic cells are in general 
derived from substantial pools of precursors in nonlymphoid tissues, such 
as epidermal LC. 
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We have previously demonstrated that human peripheral blood low density 
mononuclear cells cultux^ed in granulocyte/macrophage colony-stimulating 
factor <GM-CSF) and interleukin (IL)-4 develop into dendritic cells (DCs) 
that are ejstremely efficient in presenting soluble antigens to T cells. To 
identify the mechanisms responsible for efficient antigen capture, we 
studied the endocytic capacity of DCs using fluorescein 
isothiocyanate-dextran, horseradish perossidaee, and lucifer yellow. We 
found that DCs use two distinct mechanisms for antigen capture. The first 
is a high level of fluid phase uptake via macropinocytosis. In contrast to 
what has been found with other cell types, macropinocytosis in DCs is 
constitutive and allows continuous internalization of large volumes of 
fluid. The second mechanism of capture is mediated via the mannose receptor 
(fIR), which is expressed at high levels on DCs. At low ligand 
concentx^ations, the MR can deliver a large number of ligands to the cell in 
successive rounds. Thus, while macropinocytosis endows DCs with a high 
capacity, nonsaturable mechanism for capture of any soluble antigen, the MR 
gives an extra capacity for antigen capture with some degree of selectivity 
for non-self molecules. In addition to their high endocytic capacity, DCs 
from GM-CSF-»"IL-4-dependent cultures are characterized by the presence of a 
large intracellular compartment that contains high levels of class II 
molecules, cathepsin D, and lysosomal-associated membrane protein-1, and is 
rapidly accessible to endocytic markers. We investigated whether the 
capacity of DCs to capture and process antigen could be modulated by 
exogenous stimuli. We found that DCs respond to tumox^ necrosis factoi^ 
alpha, CD40 ligand, IL-1, and lipopolysaccharide with a coordinate series 
of changes that include dov/nregulation of macropinocytosis and Fc 
i^eceptors, disappearance of the class II compartment, and upregulation of 
adhesion and costimulatory molecules. These changes occur within 1-2 d and 
aie irreversible, since neither pinocytosis nor the class II compartment 
are recovered when the maturation-inducing stimulus is removed. The 
specificity of the MR and the capacity to respond to inf lamT.iatory cjtimuli 
mar^imize the capacity of DCs to present infectious non-self antigens to T 
cells. 
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Interleukin-13 (IL-13) is a pleiotropic cytokine that inhibits the 
production of inflammatory cytokines of monocytes. We investigated the 
effects of IL-13 on the clonal growth of human hematopoietic progenitoi^s. 
IL-13 alone did not support any colony formation. IL-13 markedly suppress ed 
macrophagfiL-^ coloni es that were formed in _ jthe presence of IL -3 and , 

eryj.h ropoietin, gra nulocyte-mac rophage co lonyj^s^tJijnuj^^t^^ f acTor^ or 

rnac:.rnphFiQe. colony-sjtivTi Ula tl lTg factor. Macrophage colony celTs sTiowed 

dendi^itic cell-like morphology and cellular aggregates* IL-13 did not 
affect granulocyte colony and erythroid burst formation. Delayed addition 
of IL-13 and replating onto the culture dishes with IL-13 showed that 
macrophage colony formation was suppressed during days 8 and 14 of culture. 
These results indicate that IL-13 affects the growth of the late stage of 
committed macrophage progenitors. Single-cell culture of isolated 
CD34+CD33+ cells with IL-13 confirmed that macrophage colony formation was 
significantly suppressed. These results show that IL-13 directly suppresses 
the proliferation of dif f er^entiating macrophages. In addition, these 
suppressive effects of IL-13 were synergistic with IL-4. Furthermore, in 
the liquid culture of bone marrow cells in the presence of IL-13, the 
number of CD14 (monocyte-macrophage antigen) positive cells decreased and 
CD18 (LFA-l-beta)-positive cells increased. It is concluded that IL-13 
affects the growth of the late stage of macrophage precursors as well as 
mature monocytes. Induction of differentiation of human monocytes may be 
correlated with the suppression of their progenitors. 
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Using granulocyte/macrophage colony-stimulating factor (GM-CSF) and 
interleukin 4 we have established dendritic cell (DC) lines from blood 
mononuclear cells that tnaintain the antigen capturing and processing 
capacity characteristic of immature dendritic cells in vivo. These cells 
have typical dendritic morphology, express high levels of major 
histocompatibility complex (MHO class I and class II molecules, CDl, 
Fc-gamvna-RII, CD40, B7, CD44, and ICAM-1, and lack CD14. Cultured DCs are 
highly stimulatory in mixed leukocyte reaction (MLR) and are also capable 
of triggering cord blood naive T cells. Most strikingly, these DCs are as 
efficient as antigen-specific B cells in presenting tetanus toxoid (XT) to 
specific T cell clones* Their efficiency of antigen presentation can be 
further enhanced by specific antibodies via FcR-mediated antigen uptake. 
Incubation of these cultured DCs with tumor necrosis factor alpha 
(TWF-alpha) or soluble CD40 ligand (CD40L) for 24 h results in an increased 
surface expression of MHC class I and class II molecules, B7, and ICAM-1 
and in the appearance of the CD44 exon 9 splice variant <CD44-v9); by 
contrast, Fc-gamma-RII is markedly and sometimes completely downregulated. 
The functional consequences of the short contact with TNF-alpha are an 
increased T cell stimulatory capacity in MLR, but a 10-fold decrease in 
pra^sentation of soluble TT and a 100-fold decrease in presentation of 
TT-immunoglobulin G complerj 
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